An electrophoretic transfer technique was developed for the specific identification of isozymes of starch debranching enzyme, a-amylase, and ,9-amylase. Amylolytic enzymes are separated by native polyacrylamide slab gel electrophoresis and proteins in gels are electrophoretically transferred through starch-containing polyacrylamide gels. Each amylolytic enzyme degrades starch in the transfer gel to its characteristic limit dextrin as it moves through the gel. Various limit dextrins in the starch gel are identified by their characteristic color development in KI/I solution. Isozymes of starch debranching enzyme, a-amylase, and ,-amylase can be easily identified in the same gel.
Several methods have been developed for the detection of amylolytic enzymes in electrophoretic gels. However, none of these techniques provides for easy identification of differing amylolytic enzymes. Commonly used methods for production of zymograms of amylolytic enzymes include the infusion of a starch into gels after electrophoresis (1) and electrophoresis in SCGs2 (3, 7) . These techniques suffer from inherent weaknesses. Wash or infiltration steps can result in diffusion of proteins in gels. Protein denaturing conditions have been used, but this places a dependence on faithful renaturation (9) . In a SCG, migration may depend on substrate concentration because the migration of many amylases in SCGs is totally dependent (3) (11,200g) were used for electrophoresis. Amylolytic enzyme standards (bacterial a-amylase, sweet potato fp-amylase, and bacterial pullulanase) were purchased from Sigma. Amylolytic enzyme activities were determined by assaying for the production of hemiacetal reducing groups from soluble starch with dinitrosalycylic acid ( 14) . Protein was assayed by the method of Bradford (2) .
Slab Electrophoresis. Reservoir, stacking, and separation gel buffers for native slab PAGE were as described by Ornstein (13) and Davis (5) . Gels (120 mm long, 140 mm wide, and 1.5 mm thick) containing 7% (w/v) acrylamide, 0.184% (w/v) N,N'-methylenebisacrylamide, 0.28 ,1u/ml TEMED, and 378 mM Trizma base (Sigma), were adjusted to pH 8.9 with HCI at 23°C, and were polymerized with 0.07% (NH4)2S208. The stacking gel was as described by Davis (5) . Electrophoresis was at 20 mamp/ gel through the stacking gel and 35 mamp/gel through the separation gel at about 10°C. Each sample was replicated on each gel so that after electrophoresis half the gel could be used for protein staining (10) Multiple isozymes of hydrolytic starch degrading enzymes may be identified by the limit dextrins produced in SCGs by electrophoretic transfer (Fig. 2) . The ratio of a-amylase to f,-amylase activityin alfalfa nodules is about 1: 100 (6). However, bands in the SCG produced by a-amylases are clearly discemable along with those produced by starch debranching enzymes and,BPlant Physiol. Vol. 75, 1984 amylases. This is because a-amylase activity is the most detectable and 13-amylase activity is the least detectable with this technique (<0.1 and <35 nmol maltose equivalents min-' for detection, respectively). Best results are obtained when varying amounts of sample are loaded on to gels for PAGE. This insures detection of minor bands and verification of complete hydrolysis to limit dextrins in almost all bands. This is especially important with preparations such as alfalfa root where the ratio of a-to f3-amylase activity is 1:1,500 (7) (gel not shown).
One possible problem in this technique is bacterial or fungal contamination of SCGs. An occasional perfectly circular clear spot up to 2 cm in diameter will be found in SCGs with KI/I staining. This may be prevented by the addition of 0.02% (w/v) NaN3 to transfer buffer and SCGs.
Starches other than amylopectin may be used in SCGs for electrophoretic transfer. We have used starch azure, which releases Remazol Brilliant Blue dye in the presence of endoamylolytic enzymes (6) , to distinguish between a-amylase and j3-amylase (data not shown). Debranching limit dextrins and ,Blimit dextrins may be used to verify the presence of a-amylases and debranching enzymes, respectively.
